Prior to 1997, ABET evaluators focused on inputs to engineering education. Responding to a four decade trend in quality management systems used in manufacturing and service industries, ABET began measuring outputs instead, and focused on continuous improvement. Students, professors, program coordinators, and department chairs must answer three questions:
Introduction
Quality management systems developed by the British Standards Institute and the US military in the mid 20 th century focused on outcomes and continuous improvement in manufacturing and service industries. These quality systems and their successors, QS9000 and ISO 9000, became models for ABET's EC2000 criteria in 1997, as ABET changed from its 70-year practice of measuring inputs to measuring outputs. The key to a successful continuous improvement process is to link outcomes with root causes, and this linkage is not always obvious. Educators can use data presentation techniques to identify these links, and then improve courses and curricula. We can also use these presentation techniques to help students identify links, so students can improve their education strategies.
Student Awareness of Grades
Students often have a snapshot awareness of grades; they see a marked grade on a returned homework assignment or exam, or a cumulative course grade in course management software, but they often have no real sense of how their course grades change over time. The also have little understanding of the effect of a zero grade on a course average. In a freshman Introduction to Engineering Technology course that includes spreadsheet problems, I ask students to plot their current course grades as a function of time. The current grade is the sum of the student's earned points to date, divided by the sum of the point values of those assignments.
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This grade-plotting assignment occurs towards the end of the semester, when only half a dozen assignments and projects remain (listed below the red line in the 9/19  10  9  83  Lab #8  9/21  10  8  83  Lab #9  9/26  10  8  82  HW #5  9/28  10  9  83  Lab #10  9/28  10  8  83  HW #6  10/03  10  0  78  Lab #11  10/03  10  6  76  Lab #12  10/05  10  7  76  Midterm exam  10/12  100  80  78  HW #7  10/17  10  0  75  HW #8  10/19  10  9  75  Lab #13  10/26  10  8  75  Lab #14  10/31  10  6  75  Lab #15  11/02  10  10  76  Lab #15 presentation  11/07  10  9  76  Lab #16  11/14  10  10  77  Lab #17  11/16  10  10  78  Lab #18  11/21  10  10  78   Lab #19  11/23  10  0  10  76  79  Lab #20  11/28  10  0  10  74  79  Lab #21  11/30  10  0  10  72  80  Project presentation  12/05  50  0  50  64  82  Written report  12/05  100  0  100  53  85 The student in this example earned 6 points out of 10 on the first assignment, starting the semester with a 60% average. On the second assignment, the student earned 7 out of 10, for a course average of 65%. The table above and the graph below show that the student's course grade rose above B-, then hovered between B-and C+ for most of the rest of the semester. The Page 26.1665.3 black line shows the course grade over time up to the current date; the blue line shows the predicted course grade if the student earns 100% on the remaining five assignments, and the red line shows the predicted course grade if the student earns 0% on the remaining assignments.
Earning perfect scores on the remaining work will move the student from C+ to a solid B. Earning zero scores on remaining work causes the student's grade to crash and burn: the C+ quickly drops to F. I ask students to create graph so they will learn how much their course grades can change over time.
Both the graph and the table contain the same information, but the graph is more compact, and it shows trends visually (it is hard to see a "slope" within tabular data). My Engineering Technology students self-identify as visual learners, so a graph is more appropriate for their learning style.
In reality, B-/C+ students do not suddenly earn 100% on all remaining assignments; nor do they typically stop turning in work for the last two weeks of a course. Instead, they tend to continue at the same level of performance.
In my freshman Materials & Processes class, I staple each student's course grade graph to his or her graded Midterm Exam. The passing grade in this class is 70%. In the following course grade graphs from Fall 2014, the vertical scale is 70% to 100%, unless the student has course grades below 70% (Students Black and Red). Students can readily see whether they are improving over time, and whether they are on track to pass the course. Student Black did not have the textbook at the beginning of the course, and was unable to complete the first few reading assignments and homework assignments on time; this student's grades improved once the textbook arrived in the mail. For some students, the graph serves as reassurance; for others, it serves as a wake-up call. I see much more note-taking during lectures in the second half of the semester compared with the first half.
The graph on the next page shows the grades for all students in the class over the entire semester. Four students started the semester with a zero because they did not submit the first homework assignment. Five of the six students shown above passed the course; here is how they did:
Student Pink consistently performed well all semester, with a perfect score on the Final Exam.
Student Black began submitting work with Lab Report #1, and continued to improve, earning a C for the course.
Student Red submitted 4 of 13 homework assignments, 3 of 4 laboratory reports, and took 1 of 2 exams. The quality of Student Red's submitted work was significantly below average. Not surprisingly, Student Red failed the course.
By the fifth assignment, Student Orange maintained a B-/B grade throughout the semester. Student Blue's course grade fluctuated between 75% and 85% throughout the semester, ending at 79%. Student Green's grade settled into the high 70s, but gradually increased in the second half of the semester to 84%. The trends are typical of all of my courses: as the semester progresses, course grades fluctuate less because more grade entries are in the average...a higher n. The graph also shows that most students see little change between their Midterm grade and their final course grade. In this section of this course, 60% of the students saw less than a 5 point change in their course grades in the second half of the semester, and 94% saw less than a 10 point change (the exception was Student Red). The trend over many semesters and several different classes is similar: As an instructor, my dilemma is whether to tell students about this observation. If students believe their final course grade is locked in by the middle of the semester, they may be tempted to slack off in the second half of the course.
Student Success with Inclined Plane Problems
Professors know that students like to take shortcuts. We show students a methodical but timeconsuming solution method to a simple problem, so that students can master the method. Next, we introduce a more difficult problem, where mastery of the problem-solving method is critical. In practice, students solve the simple problems using intuitive shortcuts, then these same students trip up on the difficult problems because they have not mastered the solution method. In my Introduction to Fluid Power class, we calculate the hydraulic cylinder size and pump capacity required to move a block at an angle freely through the air at a constant velocity, or up an inclined plane at a constant velocity. The textbook and lecture start with drawing a free-body diagram (FBD), yet many students like to skip this step and start with algebra and trigonometry. Knowing that many students will take this shortcut, I record four data points when grading the homework assignments:
The number of students who draw the FBD correctly and end up with the right answer.
The number of students who draw the FBD correctly but get the wrong answer.
The number of students who draw the FBD incorrectly or not at all, but get the right answer.
The number of students who draw the FBD incorrectly or not at all, and get the wrong answer.
If the block is elevated freely through the air, then many students are able to solve the problem without drawing a free-body diagram. Now the difference between the two groups of students is more dramatic. While 88% of students who correctly drew the FBD got the right answer, only 37% of students who failed to draw the FBD correctly got the right answer. Introducing friction makes the problem too difficult to solve with shortcuts.
When I return the graded homework to the students, I write each table on the chalkboard, with numbers from the class, as well as numbers from all previous classes combined. The students may not believe the textbook author or lecturer who says FBDs are important, but they believe the evidence from their classmates that FBDs make a difference in grades. As a result, most students draw the FBD correctly on the next exam, so the little Some students assumed the magnesium point was an outlier, and drew a curve through the other points. Other students connected the dots like constellations in the sky. A few students omitted the point from the graph, even though they included the point in their tables.
The reason that the magnesium datapoint appears in a funny place is that someone entered the wrong number on a website. Other website authors simply copied the error to their own websites, rather than looking up the data in a reliable reference book. Interestingly, back in 2004 when I first started asking this homework problem, one of the few websites with the correct value was Wikipedia.
Originally, I intended to use this assignment to teach about bond strength...materials with stronger bonds melt at higher temperatures, and do not expand as much, as materials with weaker bonds. However, the results led to additional discussions in class about the accuracy of data on the internet, and methods for handling outliers. 
Does Homework Matter?
Sometimes a scatter plot is not as useful as a table or histogram. In my Strength of Materials class, the homework assignments are worth just a few points, so students are penalized very little for not understanding the material on the first try. Twenty homework assignments are worth one exam. I write a completely new set of homework problems each semester, so students cannot copy answers from previous semesters; nor can they find answers online.
The real value of the homework assignments is exam preparation. Some students turn in all homework assignments, while others do not. The graph at the left shows the relationship between homework submission rate and course grade for Fall 2014. A linear regression analysis produces a coefficient of determination r 2 =0.35 , a very weak correlation. The graph at the right includes the most recent ten semesters of this course; now the scatter is greater, and it is difficult to draw meaningful conclusions from the graph.
A more useful way to look at the data is to compare the percentage of students passing the class as a function of the percentage of homework assignments submitted.
Percentage of students passing the course with a C-or better Homework submission rate Based on this evidence, the best strategy for a student is to complete 90% or more of the homework. In class, I show the students the data for the previous 10 semesters to encourage them to complete every homework assignment. The most puzzling aspect of this table: why do students who submit 70-79% of the homework stand a better chance of passing the course than students who submit 80-89% of the homework? 
Response Length and Student Success
At my institution, Strength of Materials is the hardest class in the Mechanical Engineering Technology and Construction Engineering Technology curricula, based on the percentage of students earning a passing grade of C-or better. The failure rate has ranged between 10 and 30% in the past six years, and is typically 20 to 25%, regardless of instructor. As the primary instructor for this course, my task is to determine indicators of success and root causes of failure in order to make course and curriculum changes to improve the success rate.
One indicator of success in this class is homework completion rate, as described in the previous section. A second indicator of success is the response length to the last problem in each homework set:
Describe at least one improvement to this chapter to make it more understandable.
I enter all responses into a spreadsheet, and use the information to make changes to the textbook before the next semester begins. (I wrote the textbook for this course during a sabbatical semester. The book is available for free online as a 2 MB pdf file, which is updated every semester, based on student input. The upper right quadrant shows that students who write long responses pass the course with high grades. An example of a long answer (105 words):
At the beginning of the lecture it would have been helpful to lay out the different situations we may encounter before teaching any of the types of solutions: 1. steel machine part; 2. steel structural columns; 3. ideal long column. This way we would better understand when we are going to end up when solving. Maybe it would also help me to better understand when to use each method. The other misunderstanding I have is on p.110, the formula is σ CR = critical, whereas on p.111 the same formula is σ All = allowable. Shouldn't the one without F.S. be critical and with F.S. be allowable?
This response is long because it is full of detail, and includes two suggestions for improvement. The upper left quadrant includes the majority of students: they earned passing grades without writing much. Students can pass the class without writing long responses, but students who write long responses all pass the class.
Should I show this graph to students at the beginning of the semester? It may lead some students to write longer responses, thinking it will improve their chances of passing the course. However, correlation is not causation. I like to explain this point to students by describing a young man who observes that among male engineers at his company, bald men earn more on average than men with full heads of hair. He would be foolish to shave his head in hopes of a raise; the oldest engineers are paid the most, and are more likely to be bald.
Students who write lengthy responses may tend to be smarter, harder working, more thoughtful, more literate; or perhaps they are simply better at planning their time. These characteristics lead to higher grades.
Do Prerequisites Matter?
A This information can be used for advising purposes. A student earning a low C in Statics might be better off retaking the course before attempting Strength of Materials.
Student Success as a Function of Academic Major
A fourth indicator of success in Strength of Materials is the student's major. This table draws from the same dataset as the previous section: 222 students taking Strength for the first time. It shows the percentage of students in each major earning an A, B, or C in Statics. MET students are more likely to earn an A, and less likely to earn a C, than Construction students. Over 10 semesters, on average MET students earn 7 points more on the first exam than Construction students, 6 points more on the second exam, 7 points more on the third exam, and 8 points more on the final exam. There are no obvious significant differences in demographics between the two groups of students. Maybe MET students are smarter...or maybe there is a curricular explanation.
The major difference in the curricula between MET and Construction is unit conversion. MET students take a first semester Introduction to Engineering Technology class which emphasizes the Factor-Label Method of Unit Conversion, and the students use this technique in every subsequent MET course. My MET students are familiar with both SI and U.S. Customary units because the local industries that hire MET students use either SI or both unit systems. On the other hand, Construction students do not take Introduction to Engineering Technology, and the construction industry in the U.S. almost exclusively uses U.S. Customary units. As a consequence, Construction students are not prepared to perform unit conversions when they start Strength of Materials. By the end of the course, they have learned the Factor-Label Method, but low scores early in the semester can prevent these students from passing the class. 
Conclusions
We can improve students' awareness of how their grades change over time by asking them to calculate and graph their course grades, and predict their final grades based on assumptions about the grades they will earn on remaining assignments. By including course grade graphs with a midterm exam, a professor can provide useful feedback to students before it is too late to improve a low course grade.
Course grade graphs show that nearly all students finish my courses within 10 points of their midsemester grade, and most finish within 5 points.
Students believe in taking shortcuts when possible. A simple table showing the effectiveness of student strategies (either using a free-body diagram, or not using one) demonstrates the need to use the standard solution method instead of the shortcut. After students have seen the evidence, they are more likely to use the standard method on the exam, and solve the problem correctly.
Course success correlates with homework submission rate, and the best way to show this correlation is with a table rather than a scatter plot. In my Strength of Materials course, predictors of success include:
Homework submission rate: Students who submit more than 90% of homework assignments earn higher grades than students who submit less work, and pass the course in larger numbers.
Prerequisite: High grades in Statics are associated with high grades in Strength of Materials.
Wordiness: Longer written responses on homework assignments correspond with high grades, and low grades correspond with short responses.
Major: Mechanical Engineering Technology students perform better than Construction Engineering Technology students.
This last observation led to a curriculum change which will improve Construction Engineering Technology students' knowledge and skill at performing unit conversions.
In all of these areas, sometimes a line graph is the best way to display the data (course grades over time), sometimes an x-y scatter graph is best (wordiness), and sometimes a table is best (free body diagram use, homework submission rate, prerequisite, & major).
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